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Abstract
Currently, there is a gap between the psychological concept of metacognition and the
neuroscientific construct of executive function (EF). The following research proposal attempts to
bridge this gap with an argument that component parts of “cold EF” like working memory and
cognitive flexibility closely overlap with the component parts of metacognition that include
planning and regulation. Additionally, the dorsolateral prefrontal cortex (dlPFC) and the superior
longitudinal fasciculus (SLF) are strongly associated with working memory and cognitive
flexibility. The proposed research strategy in this article then offers a way to potentially evaluate
metacognition through means beyond psychological measures. If the parallels between the
concepts of metacognition and EF can be established, it would mean that metacognition could be
evaluated using EF components. This has implications for both the research on metacognition
and EF but also, potentially, for the evaluation of programs designed to enhance metacognitive
skill.
Keywords: metacognition, executive function, dorsolateral prefrontal cortex, superior
longitudinal fasciculus, educational programming
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Introduction
Metacognition
In 1979, John Flavell’s landmark work Metacognition and cognitive monitoring: A new
area of cognitive-developmental inquiry offered a “Model of Cognitive Monitoring” as a
formalized definition of metacognition. This construct quickly took hold in psychology.
Subsequent work from Ann Brown, Janis Jacobs, and Scott Paris in 1987 further refined this
definition. These authors divided metacognition into two dimensions. The former labeled these
dimensions “knowledge of cognition” and “regulation of cognition” (Brown, 1987). The latter
preferred “self-appraisal of cognition” and “self-management of thinking” (Jacobs & Paris,
1987). While the terms differ, there was convergence in the sub-components of each dimension.
The authors recognized that the dimensions “regulation of cognition” and “self-management of
thinking” could be further subdivided into three components: planning, regulation, and
evaluation. The first two of these will be addressed in this proposal. Planning typically involves
the initial selection and sequencing of cognitive strategies and the allocation of resources.
Regulation involves the monitoring of progress toward a goal and the revision, refinement, and
further sequencing of cognitive strategies (Diamond, 2013; Allan, McMinn, & Daly, 2016).
Contemporary research suggests that direct instruction of metacognition (Bruning,
Schraw, & Norby, 2011) and strategy learning (de Haan, 2013) may be beneficial for learners.
To this end, this proposal assumes that a metacognition training program, like the one being
developed by Brooks (in press) would be successful in improving student metacognition through
the development of planning and regulation skills.
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While metacognition and its benefits are well-established, discussions of the construct
primarily remain within the field of psychology. It is the opinion of this author however, that
there exist parallel constructs within neuroscience and that an important goal of educational
neuroscientists is to help bridge the gap between these two fields.
Executive Function
Executive function (EF) can be conceptualized as a collection of higher-order processes
that, through effort, enable top-down control of other cognitive processes (Allan et al., 2016).
Essentially, it is the control system that modifies and adapts the cognitive and emotional
responses of an organism to its external environment and internal state (Allan et al., 2016;
Diamond, 2013). EF can be further divided into “hot” and “cold” dimensions depending on the
low-order processes being modified. Hot EF is associated with modifying emotional and
motivational processes. Cold EF—which will be addressed in this proposal—is associated with
modifying the senses, attention, and perception (Allan et al., 2016; Diamond, 2013). The
structure of cold EF is further divided into three core components: working memory, cognitive
flexibility, and inhibitory control (Diamond, 2013). Skills like planning and regulating cognitive
strategies are built from these higher-order EFs. As a practical example, think of students
completing an assignment for class; they must hold the directions of the assignment in memory,
manipulate prior knowledge in new ways to answer questions or complete the activity, and
inhibit distracting behaviors of classmates or irrelevant information. All these processes are
working dynamically and affecting what they are seeing, hearing, and how they might respond.
Improving the capacity of students within these core components could have a wide-ranging
effect on student performance and behavior generally. This is a broad example, but these
components constantly affect our daily experiences.
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Working memory is understood to be the capacity by which an individual can hold
information and mentally work with it in the mind. It is involved in sequencing tasks, relating
one thing to another, and using information to solve a problem (Diamond, 2013). An everyday
example might include a student remembering and understanding the steps required to write an
effective introductory paragraph for an essay. Cognitive flexibility is the capacity to change
perspectives or strategies used to complete a task. It allows for flexible revision of strategies to
respond to new rules or priorities (Diamond, 2013). Imagine a student that forgot a backpack for
the day. With that act comes a whole host of adjustments and solutions that may need to be
found for an otherwise routine day. Inhibitory control includes the ability of an individual to selfcontrol behavior and to manage attention (Diamond, 2013). Picture any student that happens to
be seated next to a snoring classmate or a buzzing fluorescent light. While cold EF is comprised
of the dynamic interplay of these three components, inhibitory control is typically associated
with a slightly different region of the brain than the other two. Inhibitory control is strongly
associated with the ventrolateral prefrontal cortex (vlPFC). Working memory and cognitive
flexibility are strongly associated with the dorsolateral prefrontal cortex (dlPFC) (Allan et al.,
2016; Diamond, 2013). This proposal will narrow its focus to the dlPFC and thus, will only be
addressing working memory and cognitive flexibility.
Dorsolateral Prefrontal Cortex (dlPFC)
The dlPFC has been suggested to function as a regulator of input and output pathways.
The firing rates of neurons has been shown to increase as information is maintained in working
memory (Allan et al., 2016). It may be posited then, that the dlPFC would show increased
activation during tasks that involved planning and regulation. Additionally, the dlPFC has been
implicated in cognitive flexibility as shown by increased functional activation in response to
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shifting rule or set changes during a task. This ultimately produces different responses from an
individual depending on the external and internal environment (Allan et al., 2016; Diamond,
2013).
While this proposal is narrowed to focus on the role of the dlPFC in working memory and
cognitive flexibility, it is important to remember that the dlPFC is a highly connected cortical
region. This means that it frequently works in concert with other cortical and sub-cortical regions
of the brain as a part of larger networks and pathways. In working memory, for example, the
dlPFC is involved in a larger frontoparietal network and is connected by a white matter tract
called the superior longitudinal fasciculus (SLF). Research done with Diffusion tensor imaging
(DTI) has shown that increased fractional anisotropy (FA) integrity of the SLF is positively
correlated to working memory (Hummer, Wang, Kronenberger, Dunn, & Matthews, 2015).
Furthermore, other neuroimaging research in EF has also shown that structural differences in
cortical thickness and volume of prefrontal areas—including the dlPFC—is linked to
performance on EF tasks (Allan et al., 2016).
Research Proposal
To date, metacognition research has been limited to psychological measures of the
construct. These measures frequently consist of self-report questionnaires and interviews. This
proposal draws parallels between two commonly recognized components of metacognition,
planning and regulation, and EF of the dlPFC that enable these metacognitive components,
specifically working memory and cognitive flexibility. If these parallels are established, it would
allow for metacognition research to be additionally informed by a neurobiological perspective.
This would expand how metacognition may be measured, namely through assessing EF
components.
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Additionally, it has been suggested that EF can be improved through training (de Haan,
2013; Diamond, 2013; Allan et al., 2016). If links between metacognition and EF can be made,
this has implications for the benefits of metacognition training on personal health and
performance (Allan et al., 2016; Diamond, 2013) as well as its use as an intervention for
individuals with ADHD, DBD (Hummer et al., 2015). Along with the base of evidence
potentially bolstered by this research proposal, a well-designed metacognition program, such as
the one proposed by Brooks (in press), could have wide-ranging benefits for individuals.
The following study proposal seeks to use neurobiological measures of the dlPFC to
evaluate EF performance after participants engage in a metacognition training program. The
author presents the following hypotheses:
1. Participants in the experimental group receiving metacognition training will show
higher FA integrity in the SLF, post-intervention, when compared with the control
group.
2. Participants in the experimental group receiving metacognition training will show
cortical thickness and volumetric differences in the prefrontal cortex, postintervention, when compared with the control group.
3. Participants in the experimental group receiving metacognition training will show
greater functional activation of the dlPFC during cognitive flexibility tasks, postintervention, when compared with the control group.
Proposed Study Overview
The research would follow a pre- and post-test experimental design. An experimental
group would be created in which participants would complete a metacognition training program.
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A control group would be created in which participants would not receive the metacognition
training program. Depending on the sample size, further sub-categories of participants (e.g.,
ADHD, gender, SES, etc.) may be created for additional analyses.
Prior to the treatment, all participants would undergo the same battery of tests and
neuroimaging procedures. A wide-ranging battery of assessments of EF is encouraged.
Assessments like the Cambridge Neuropsychological Testing Automated Battery (CANTAB)
(de Haan, 2013; Diamond, 2013), the NIH Toolbox Cognition Battery (Ursache & Noble, 2016),
and the Automated Working Memory Assessment (AWMA) (Diamond, 2013) each have
components that measure EF.
Regarding neuroimaging, T1-weighted images of participants should be acquired to
complete voxel-based morphometry (VBM) and DTI analyses. T2-weighted images should also
be acquired through fMRI methods to measure and analyze BOLD (blood-oxygen-leveldependent) activation during EF tasks. Common EF tasks that could be used during scanning to
measure functional activation could include, but are not limited to, digit-span tests (Hummer et
al., 2015; Diamond 2013; de Haan, 2013), Stroop tests (Allan et al., 2016), and AX-CPTs
(Diamond, 2013) but, in accordance with the hypotheses, the study should focus on tasks that
specifically measure cognitive flexibility like the trail-making test (Allan et al., 2016),
Dimensional Change Card Sort Task (DCCST) (Diamond, 2013), or various fluency (design,
verbal, category) tasks (Diamond, 2013).
Following the treatment, the participants would undergo the same battery of tests and
neuroimaging procedures so the data can be compared pre- and post-treatment. This proposal is
narrowed to the dlPFC, so a region-of-interest (ROI) analysis is suitable. Other ROIs include
related regions and brain structures like the SLF and the parietal lobe.
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Beyond the scope of this proposal, the opportunity to include other assessments in the
battery should not be lost. Psychological tests of metacognition, demographic information, and
academic performance scores could all be included to assess both the efficacy of the
metacognition program and to see if there are other relevant correlations to EF.
The previous sections present a brief overview of the proposed research study. It should
be noted that, in the formalized proposal, the metacognition training program would be
extensively discussed and examined. This author recognizes that the results of the research and
the likelihood of confirming or disconfirming the hypotheses rests on the duration of the program
in question. While the program was not broadly explained in this proposal, the assumption
should be made that this would be a longitudinal study and that the program would last between
6-7 years. This length of time gives researchers additional opportunities to expand the study to
include an analysis of data from a neuro-developmental perspective. A suitable program that fits
these criteria and is designed to specially enhance metacognitive skill is currently being
developed and proposed in an article by Brooks (in press). Developmental considerations
concerning the dlPFC and metacognition were not determined to be within the scope of the
current proposal but should absolutely be pursued as a future direction of study.
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